Tetrahydrobiopterin enhances apoptotic PC12 cell death following withdrawal of trophic support.
(6R)-Tetrahydro-l-biopterin (BH(4)) is the rate-limiting cofactor in the production of catecholamine and indoleamine neurotransmitters and is also essential for the synthesis of nitric oxide by nitric-oxide synthase. We have previously reported that BH(4) administration induces PC12 cell proliferation and that nerve growth factor- or epidermal growth factor-induced PC12 cell proliferation requires the elevation of intracellular BH(4) levels. We show here that BH(4) accelerates apoptosis in undifferentiated PC12 cells deprived of serum and in differentiated neuron-like PC12 cells after nerve growth factor withdrawal. Increased production of catecholamines or nitric oxide cannot account for the enhancement of apoptosis by BH(4). Furthermore, increased calcium influx by exogenous BH(4) administration is not involved in the BH(4) proapoptotic effect. Our data also argue against the possibility that increased oxidative stress, due to BH(4) autoxidation, is responsible for the observed BH(4) effects. Instead, they are consistent with the hypothesis that BH(4) induces apoptosis by increasing cell cycle progression. Elevation of intracellular BH(4) during serum withdrawal increased c-Myc (and especially Myc S) expression earlier than serum withdrawal alone. Furthermore, N-acetylcysteine and the cyclin-dependent kinase inhibitor olomoucine ameliorated the BH(4) proapoptotic effect. These data suggest that BH(4) affects c-Myc expression and cell cycle-dependent events, possibly accounting for its effects on promoting cell cycle progression or apoptosis.